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Abstract. Due to the incompatibility of the nonlinear realization of superconformal
symmetry and dilatation symmetry with the dilaton as the compensator field, in the
present paper it shows an alternative mechanism of spontaneous breaking the N=2
superconformal symmetry to the N=0 case. By using the approach of nonlinear
transformations it is found that it leads to a space-filling brane theory with Weyl
scale W(1,3) symmetry. The dynamics of the resulting Weyl scale invariant brane,
along with that of other Nambu-Goldstone fields, is derived in terms of the building
blocks of the vierbein and the covariant derivative from the Maurer-Cartan one-
forms. A general coupling of the matter fields localized on the brane world volume
to these NG fields is also constructed.
I. Introduction
In 1960s, being a powerful tool nonlinear realization method was used to study
the low energy dynamics of the chiral symmetry [1], especially for the case when the
full symmetry was spontaneously broken and the partners of the Goldstone bosons
became massive and decoupled from the dynamics of the NG bosons. Later on, in
Ref.[2] a general approach of nonlinear realization was given in terms of compact
semisimple Lie groups, in which the full symmetry group was realized in terms of
the nonlinear transformations of the NG fields which were promoted from the expo-
nential parameters of the Coset representative elements, and these transformations
were isomorphic to the left action of the general group elements on the Coset. There-
fore, the transformations of the NG fields, together with that of the spectator fields
which transform linearly under the unbroken subgroup H , give a complete repre-
sentation of the full symmetry group. The resulting phenomenological Lagrangian,
which is model independent, becomes an effective theory at energies far below the
scale of spontaneous symmetry breaking. Nonlinear realization was also extended to
include spacetime symmetries [3, 4], in which the spacetime translational generators
and the broken symmetry generators transform independently under the stability
group. Recently, extensive research work of nonlinear realization has been extended
to describe the dynamics of the brane theories [5, 6, 7]. Consider a topological defect
embedded in a target space. Its world volume then has the symmetries of the un-
broken stability subgroup, whileas its long wave oscillations into the co-dimensional
(super) space are described by the Nambu-Goldstone (Goldstino) modes associated
with those broken symmetries [6, 7].
In this paper, we construct the nonlinear realization of spontaneously broken
N=2 superconformal symmetry by using Weyl scale invariant brane theories. As for
the extended SUSY theory which includes more than one spinor supercharge, it is
possible that it may arise from higher dimensional theories in some supersymmetric
models or in some effective theories derived from higher dimensions via dimensional
reductions. It is also well known that it plays an important role in understanding
nonperturbative aspects of supersymmetric theories [8]. In the present context, it
has been discussed that the N=2 superconformal symmetry could be spontaneously
broken by different approaches [9]. It may be partially broken down to the N=1 Su-
2
per Poincare symmetry or to N=2 Super Poincare symmetry. Since supersymmetry
must be broken for a realistic theory, in the present paper we consider the case when
N=2 superconformal symmetry is totally broken down to N=0 supersymmetry.
It has been pointed out that the nonlinear realizations of supersymmetry and
dilatation symmetry are not compatible when the dilaton is taken as the compen-
sator field [10]. Therefore, in the present paper, one of its purposes is to show an
alternative mechanism that describes the total supersymmetry breaking of the N=2
superconformal group. As it shows below, it would lead to a theory with Weyl scale
invariant symmetry.
Consider a model, a space filling brane embedded in D=4 spacetime. Taking
the static gauge, the spacetime coordinates xµ therefore line up with the variables
ξµ which parameterize the brane world volume, i.e. ξµ = xµ (we take static gauge
in what follows of this paper). The target superspace has the N=2 superconformal
symmetry, and the embedded submanifold has unbroken Weyl W (1, 3) symmetry,
which is formed by the set {Pµ, D,Mµν}. Then the low energy effective action of
the system, which is scale invariant under the transformation of ξµ → edξµ, can be
described by long wave oscillations of the brane into the superspace associated to
the Grassmann coordinate directions λ, λ¯, as well as the dynamics of the Nambu-
Goldstone mode corresponding to broken generator A of the internal space.
On the other hand, the purpose of the paper is to explore more features of the
well known AdS/CFT correspondence [11, 12]. In the spirit of the AdS/CFT corre-
spondence, following the outline sketched by this paper one can find it paves a way
to embed a probe brane into a AdS×S background and realize the supersymmetric
isometry of the target space. Associated with the brane, it is expected that there
would be no destabilized terms due to the branes oscillations into the transverse
spatial directions. We hope that would shed some light on the appealing aspects of
the AdS/CFT correspondence in terms of the brane world scenarios.
The paper is organized as follows. First, in section II, we introduce the N=2
superconformal algebra, and construct the Coset structure in terms of the unbro-
ken W (1, 3) subgroup. The general infinitesimal transformations of the coordinates,
as well as that of the Qαi type Goldstinos, are introduced through the action of
the full group elements on the Coset representatives, whileas in section III the Sαi
3
type Goldstino spinors are proved to be superfluous and are eliminated by impos-
ing covariant constraints. Also in that section, it follows that the vierbein and the
covariant derivative of the NG field can be derived by means of the Maurer-Cartan
one-forms. The effective scale invariant brane action is then constructed in terms of
these building blocks. In section IV, the general coupling of the matter fields local-
ized on the brane world volume to these NG modes is introduced. The infeasibility
of taking the Lorentz group as the stability group for the spontaneous breaking of
the full group is also pointed out, which is due to the fact that the nonlinear real-
ization of the N=2 superconformal symmetry and the dilatation symmetry are not
compatible when considering the dilaton field as the compensator field.
II. Nonlinear Realization of the N=2 Superconformal Symmetry
The N=2 Superconformal algebra is isomorphic to the simple Lie superalgebra
su(2, 2|2), real form of sl(4|2). Its algebra includes the conformal algebra:
[Mµν ,Mρσ] = i(ηµσMνρ + ηνρMµσ − ηµρMνσ − ηνσMµρ)
[Pµ,Mκλ] = i(ηµκPλ − ηµλPκ), [Kµ,Mκλ] = i(ηµκKλ − ηµλKκ)
[Pµ, D] = iPµ, [Kµ, D] = −iKµ, [Mµν , D] = 0
[Pµ, Kν] = 2i(ηµνD −Mµν) (1)
in which ηµν = (+,−,−,−,−). It also has two different types of spinor charges
Qαi and S¯
α˙
i , and the commutation relations of these fermion-type charges with the
conformal group generators and the internal group SU(2)× U(1)R generators have
the form
[Qαi, Kµ] = σµαβ˙S¯
β˙
i , [S¯
α˙
i , Kµ] = 0, [S¯
α˙
i , Pµ] = σ¯
α˙β
µ Qβi
[Qαi, D] =
1
2
iQαi, [Qαi, A] =
1
2
Qαi, [S¯
α˙
i , D] = −
1
2
iS¯α˙i , [S
αi, A] = −
1
2
Sαi
[Qα,Mµν ] =
1
2
(σµν)
β
α Qβ, [Q¯
α˙,Mµν ] =
1
2
(σ¯µν)
α˙
β˙
Q¯β˙
[Qαi, T
k
j ] = δ
k
iQαj −
1
2
δkjQαi, [S¯
α˙
i , T
k
j ] = δ
k
i S¯
α˙
j −
1
2
δkj S¯
α˙
i (2)
When N > 1, there is no central charge, and the (anti)commutation relations among
the fermion-type charges are
{Qαi, Q¯
j
α˙} = 2δ
j
iσ
µ
αα˙Pµ, {S¯
α˙
i , S
βj} = 2δji σ¯
µα˙βKµ
4
{Qαi, Qβj} = 0, {Qαi, S¯
β˙
j } = 0, {S¯
α˙
i , S¯
β˙
j } = 0
{Qαi, S
βj} = δji [(σ
µν) βα Mµν − 2iDδ
β
α ]− 4δ
β
α (T
j
i +
1
2
δjiA); (3)
we take the notation εαβ = εα˙β˙ = −ε
αβ = −εα˙β˙ =

 0 1
−1 0

, and σµν = 1
2
i(σµσ¯ν−
σν σ¯µ). Where A is the generator of U(1)R, and the SU(2) generators T
j
i satisfy
[T ji , T
l
k] = δ
l
iT
j
k − δ
j
kT
l
i (4)
where i, j = 1, 2. Consider the case when the N=2 superconformal symmetry is
spontaneously broken down to the N=0 case. We choose the unbroken subgroup as
W (1, 3)× SU(2) (5)
in which W (1, 3) is the Weyl group, formed by the set {Pµ, D,Mµν}[10]. Therefore,
the group elements of the stability subgroup H are written as
h = ei(fD+m
µνMµν+tijT
j
i ) (6)
which is spanned by the set of generators {D,Mµν , T
j
i }, and from Eqs.(1, 2) we can
find these generators are automorphism of the broken generators Q, Q¯, S, S¯,Kµ, A
which are associated with the collective coordinates λ, λ¯, ς, ς¯ , φµ and a respectively.
Therefore, the Coset is shown to be
Ω = G/H (7)
In static gauge their representative elements can be parameterized as
Ω = eix
µPµei[λQ+λ¯Q¯]ei(ςS+ς¯ S¯)eiφ
µKµeiaA (8)
The left action of the general infinitesimal elements of the full group G
g = ei(a
µPµ+qQ+q¯Q¯+sS+s¯S¯+bµKµ+rA+ρµνMµν+dD+εijT
j
i ) (9)
on the Coset representative elements of Eq. (8) can be uniquely decomposed as the
product of the Coset Ω′ and the stability group elements of H , i.e.
gΩ = Ω′h (10)
5
Explicitly, we have
ei(a
µPµ+qQ+q¯Q¯+sS+s¯S¯+bµKµ+rA+ρµνMµν+dD+εijT
j
i )eix
µPµei[λQ+λ¯Q¯]ei(ςS+ς¯ S¯)eiφ
µKµeiaA
=eix
′µPµei[λ
′Q+λ¯′Q¯]ei(ς
′S+ς¯′S¯)eiφ
′µKµeia
′Aei(fD+m
µνMµν+tijT
j
i ) (11)
The infinitesimal transformation of the preferred fields can be derived up to the first
order by considering the variation δg of the group elements g with
δg = i(aµpµ + qQ+ q¯Q¯+ sS + s¯S¯ + b
µKµ + rA+ ρ
µνMµν + dD + ε
i
jT
j
i ) (12)
Hence, Eq.(10) becomes
(1 + δg)Ω = (Ω + δΩ)(1 + δh) (13)
furthermore
Ω−1δgΩ− Ω−1δΩ = δh (14)
Then it is found
Ω−1i(aµpµ + qQ+ q¯Q¯+ sS + s¯S¯ + b
µKµ + rA+
ρµνMµν + dD + ε
i
jT
j
i )Ω− Ω
−1δΩ
=i(fD +mµνMµν + t
i
jT
j
i ) (15)
Consider the pure shift induced by Poincare translation in the four dimensional
spacetime, i.e., taking g = eia
µPµ, it is found
δxµ = aµ, δλ = δς = δφµ = δa = 0 (16)
and
f = mµν = tij = 0. (17)
Also, as for the pure shift g = ei(qQ+q¯Q¯) in the superspace, we have
δxµ = −i(λiσµq¯i − q
iσµλ¯i);
δλi = qi; δλ¯i = q¯i; (18)
as well as δς = δφµ = δa = f = mµν = tij = 0. Here δλ
i etc are the total variation of
the fields, i.e. δλi = λ′(x′)− λ(x), and the intrinsic variation of the Goldstino fields
λi is given by
δinλ
i = λ′(x′)− λ(x′) = δλi − (λ(x′)− λ(x))
6
= qi + i(λjσµq¯j − q
jσµλ¯j)∂µλ
i(x) (19)
which is just the Akulov-Volkov nonlinear transformation of the Goldstino fields
[14, 15] for the extended Supersymmetries. Besides, by comparing the coefficients
of the Qi and Pµ from both sides of Eq.(15) the general nonlinear transformations
of the coordinates and the associated Goldstino fields can be derived as following
(the Goldstino fields ςi corresponding to S
i are superfluous and can be written as
functions of λ¯i(x),see Eq.(32’)):
δxµ = aµ − i2(λiσµq¯i − q
iσµλ¯i) + i(λ
iσµdλ¯i − dλ
iσµλ¯i) + rλ
iσµλ¯i
−
1
3!
i(2λiσµB4i − 2A
i
4σ
µλ¯i)−
1
3!
i(2λiσµB5i − 2A
i
5σ
µλ¯i)
− 2ρµνxν + (x
µ′bν
′
−
1
2
ρµ
′ν′)(λiσµλ¯iσ¯µ′ν′ − λ
iσµ′ν′σ
µλ¯i)−
1
4!
· 2i(λiσµB6i − A
i
6σ
µλ¯i) + 2x
νbνx
µ − xνxνb
µ + d · xµ
+ εjk(2λ
kσµλ¯j − λ
iσµδkj λ¯i) + 2λ
iσνxνsiσ
µ − 2xν s¯iσ¯νσ
µλ¯i (20)
and
δλi = qi − i
1
2
rλi + ixµs¯iσ¯µ +
1
2
Ai5 +
1
2
Ai4 −
1
2
iρµνλiσµν +
1
3!
Ai6 +
1
2
d · λi
+ xµbµλ
i + ixµbνλiσµν − iε
j
k(λ
kδij −
1
2
δkj λ
i);
δλ¯i = q¯i + i
1
2
rλ¯i + ix
µsiσ
µ +
1
2
B5i +
1
2
B4i −
1
2
iρµν λ¯iσ¯µν +
1
3!
B6i +
1
2
d · λ¯i
+ xµbµλ¯i + ix
µbν λ¯iσ¯µν + iε
j
k(λ¯jδ
k
i −
1
2
δkj λ¯i) (21)
where the inhomogeneous terms play important roles in the nonlinear transforma-
tion and signal the spontaneous breaking of the extended supersymmetries. (see
Appendix for definitions of the A s and B s in these equations)
III. The Effective Action
The effective action can be derived by using the Maurer-Cartan one-forms which
are expanded with respect to the su(2, 2|2) generators:
Ω−1dΩ = i(ωaPa + ω
k
QQk + ω¯Q¯kQ¯
k + ωSkS
k + ω¯k
Sˆ
S¯k + ω
a
kKa + ωAA
+ ωDD + ωT j
iT ji + ω
ab
MMab) (22)
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Explicitly, they have the form
iωa = idxa + λiσµdλ¯i − dλ
iσµλ¯i;
iωkQ = dx
µς¯kσ¯µe
1
2
ia + idλke
1
2
ia − i(λiσµdλ¯i − dλ
iσµλ¯i)ς¯
kσ¯µe
1
2
ia;
iω¯Q¯k = dx
µςkσµe
− 1
2
ia + idλ¯ke
− 1
2
ia − i(λiσµdλ¯i − dλ
iσµλ¯i)ςkσµe
− 1
2
ia;
iωSk = (iφ
µdxνςkσν σ¯µ +
1
3!
A1k|aµ=idxµ)e
−ia
2 + [
1
2
A2k|qi=idλi +
1
2
A3 A3k|q¯i=idλ¯i +
1
3!
A1k|aµ=λσµdλ¯−dλσµλ¯ + iφ
µ(idλ¯k − i(λ
iσνdλ¯i − dλ
iσνλ¯i)ςkσν)σ¯µ]e
−ia
2 + idςke
−ia
2
iω¯kS¯ = (iφ
µdxν ς¯kσ¯νσµ +
1
3!
Bk1
∣∣
aµ=idxµ
)ei
a
2 + [
1
2
Bk2
∣∣
qi=idλi
+
1
2
Bk3
∣∣
q¯i=idλi
+
1
3!
Bk1
∣∣
a̟=λσµdλ¯−dλσµλ¯
− φµ(dλ¯k − (λiσνdλ¯i − dλ
iσνλ¯i)ς¯
kσ¯ν)σµ]e
ia
2 + idς¯kei
a
2
iωak = −iφ
µ′φµ′dx
a − (ς¯ iσ¯µςi + ς¯
iςiσµ)dx
µφa +
1
4!
2i(Bk1
∣∣
aµ=idxµ
σ¯aςk−
ς¯kσ¯a A1k|aµ=idxµ)− iς¯
i(σ¯µ′σ
aνςi − σ¯
aν ς¯iσµ′)dx
µ′φν +X
a
− dς¯ iσ¯aςi + ς¯
iσ¯adςi + idφ
a;
iωA = ida+ 2dλ
iςi − 2ς¯
idλ¯i − ς¯
iσ¯µ(λ
jσµdλ¯j − dλ
jσµλ¯j)ςi
+ ς¯ iςiσµ(λ
jσµdλ¯j − dλ
jσµλ¯j) + i(−ς¯
iσ¯µςi + ς¯
iςiσµ)dx
µ;
iωD = −2iφ
µdxµ + (ς¯
iσ¯µςi + ς¯
iςiσµ)dx
µ + 2idλiςi + 2iς¯
idλ¯i
− iς¯ iςiσµ(λ
jσµdλ¯j − dλ
jσµλ¯j)− 2ϕ
µ(λjσµdλ¯j − dλ
jσµλ¯j)
− iς¯ iσ¯µ(λ
jσµdλ¯j − dλ
jσµλ¯j)ςi;
iωT
j
i = 4dλ
jςi − 4ς¯
jdλ¯i − 2ς¯
j σ¯µ(λ
kσµdλ¯k − dλ
kσµλ¯k)ςi
+ 2ς¯jςiσµ(λ
kσµdλ¯k − dλ
kσµλ¯k) + 2i(−ς¯
iσ¯µςj + ς¯
iςjσµ)dx
µ;
iωabM = dx
µ′ [2iφbδaµ′ +
i
2
(ς¯ iσ¯µ′σ
abςi − ς¯
iσ¯abςiσµ′)]− dλ
iσabςi + ς¯
iσ¯abdλ¯i
+
1
2
ς¯ iσ¯µ(λ
jσµdλ¯j − dλ
jσµλ¯j)σ
abςi −
1
2
ς¯ iσ¯abςiσµ(λ
jσµdλ¯j − dλ
jσµλ¯j)
+ 2φb(λiσadλ¯i − dλ
iσaλ¯i); (23)
where the NG fields are the Weyl spinors λi, ςi and the axion a, corresponding to
the broken generators Qi, S
i and A respectively.And φµ is the independent collective
coordinate in the Coset space. It is not treated as the dynamical field [16,17]. In
addition, not all the NG fields are independent fields. Note from Eq.(2) that
[S¯α˙i , Pµ] = σ¯
α˙β
µ Qβi (24)
8
Or alternatively, we have
[s¯iα˙S¯
α˙
i + s
α
i S
i
α, Pµ] = s¯
i
α˙σ¯
α˙β
µ Qβi + s
α
i σµαα˙Q¯
α˙i (25)
Consider the commutator of NG fields λi of the broken SuperchargesQi with Eq.(25),
[[s¯iα˙S¯
α˙
i + s
α
i S
i
α, Pµ], λ
γi] = [s¯iα˙σ¯
α˙β
µ Qβi + s
α
i σµαα˙Q¯
α˙i, λγi] (26)
The VEV of the right-hand side can be found from the infinitesimal supersymmetric
transformation of λi:
< |[s¯iα˙σ¯
α˙β
µ Qβi + s
α
i σµαα˙Q¯
α˙i, λαi]| >∼ s¯iα˙σ¯
α˙α
µ (27)
Hence, applying the Jacobin identity to the left-hand side of Eq.(26) yields
< |[s¯iα˙S¯
α˙
i + s
α
i S
i
α, i∂µλ
γi]| >∼ −s¯iα˙σ¯
α˙β
µ 6= 0 (28)
On the other hand, the NB fields ς¯ i of the broken Supercharge S¯i have the infinites-
imal supersymmetric transformation properties
< |[s¯iα˙S¯
α˙
i + s
α
i S
i
α, ς¯
i
γ˙ ]| >∼ s¯
i
γ˙ 6= 0 (29)
Therefore, from Eqs.(28,29) we can conclude that
i∂µλ
γi ∼ −ς¯ iα˙σ¯
α˙β
µ (30)
Or it can be re-written as
ς¯ iγ˙ ∼ −
1
4
i∂µλ
αiσµαγ˙ (31)
Consequently, ς¯ i are not independent NG fields and can be written as a function
of the fields λi. In order to eliminate them from the effective action, consider the
covariant constraints on the one-forms ωiQ, i.e., ω
i
Q = 0. Hence, it is found
ς¯ iγ˙ = −
1
4
ie−1µa ∂µλ
αiσaαγ˙ (32)
where e−1µa is the inverse of the verbein (see Eq.(33) for definition). This is just the
inverse Higgs mechanism [4]. Similarly, from ω¯Q¯ = 0, it amounts to
ςαi = −
1
4
ie−1µa ∂µλ¯γ˙iσ¯
aγ˙α (32′)
9
Therefore, the real Nambu-Goldstone (Goldstino) degrees of freedom are these fields
λi and a. And the effective action of these modes can be constructed by using the
building blocks of verbein and covariant derivatives from the one-forms of Eq.(23).
Consider the covariant coordinate one-forms ωa, which can be decomposed with
respect to the brane world volume coordinate differential one-forms dξµ as ωa =
dξµe aµ . The verbein is therefore given by
e aµ =
∂xa
∂ξµ
− i(λiσa
∂λ¯i
∂ξµ
−
∂λi
∂ξµ
σaλ¯i) (33)
where xa = (x0, x1, x2, x3), and it becomes
e aµ = δ
a
µ − i(λ
iσa∂µλ¯i − ∂µλ
iσaλ¯i) (33
′)
in static gauge ξµ = xµ. Hence, the local Lorentz invariant interval becomes
ds2 = gµνdξ
µdξν = ηabω
aωb (34)
where the metric gµν = ηabe
a
µ e
b
ν . We use Latin letters a, b etc to represent the
local tangent coordinate indices, and Greek letters µ, ν etc for these of the general
coordinates in what follows. We also take the static gauge unless explicitly indicated
otherwise. In order to construct the covariant derivative of the field a, since dxµ =
ωae−1µa , the one-forms ωA can be re-written as ωA = ω
aDaa, in which
Daa = e
−1µ
a (∂µa− i2∂µλ
iςi + i2ς¯
i∂µλ¯i + iς¯
iσ¯µ′(λ
jσµ
′
∂µλ¯j − ∂µλ
jσµ
′
λ¯j)ςi
− iς¯ iςiσµ′(λ
jσµ
′
∂µλ¯j − ∂µλ
jσµ
′
λ¯j) + (−ς¯
iσ¯µςi + ς¯
iςiσµ)) (35)
On the other hand, under the action of g of Eq.(10), the Maurer-Cartan one-forms
transform according to
Ω′−1dΩ′ = h(Ω−1dΩ)h−1 + hdh−1 (36)
It thus follows that the dilatation transformation properties of the verbein and
covariant derivative in the local Lorentz reference frame are found to be
ωa → edωa
e aµ → e
de aµ
Daa→ e
−dDaa (37)
10
i.e., their scale dimensions are 1,−2, and −1 respectively. In addition, considering
the transformation of Eq.(37), they are found to be SU(2) singlets.
Introduce an auxiliary (intrinsic) metric Gµν whose scale dimension is 2 as in-
duced by the scale transformation of ξ → edξµ on the brane world volume. The
local Lorentz invariant interval ds2 has the form
ds2 = Gµνdξ
µdξν (38)
which has scale dimension 2 as a result of scale transformation ds2 → e2dds2.
Then the effective scale invariant action of the brane world volume is given by
I0 = −
f 2s
2
∫
d4ξ
√
|detG|[
1
4
Gµνηabe
a
µ e
b
ν ]
2
= −
f 2s
2
∫
d4ξ
√
|detG|[
1
4
Gµνηab(
∂xa
∂ξµ
− i(λiσa
∂λ¯i
∂ξµ
−
∂λi
∂ξµ
σaλ¯i))
· (
∂xb
∂ξν
− i(λiσb
∂λ¯i
∂ξν
−
∂λi
∂ξν
σbλ¯i))]
2 (39)
in which detG = detGµν and the tensor G
µν with scale dimension is −2 is the
inverse of Gµν . The part inside the square brackets has a scale dimension −2. It
can be concluded that Eq.(39) is Weyl scale invariant under the transformation of
ξµ → edξµ. Obviouely, when the spinors λi are set to zero, it reduces to the Weyl
scale invariant bosonic action [18]:
IB = −
f 2s
2
∫
d4ξ
√
|detG|[
1
4
Gµνηab
∂xa
∂ξµ
∂xb
∂ξν
]2 (40)
In static gauge, Eq.(39) becomes
I0 = −
f 2s
2
∫
d4x
√
|detG|[
1
4
Gµνηab(δ
a
µ − i(λ
iσa∂µλ¯i − ∂µλ
iσaλ¯i))
· (δ bν − i(λ
iσb∂ν λ¯i − ∂νλ
iσbλ¯i))]
2 (41)
Besides, the spinors λi transform as a SU(2) doublet, i.e.
λ′i = e
(itj
′
k′
T k
′
j′
)ijλj (42)
where the SU(2) operators T i
′
j′ , with properties (T
i
j )
† = T ji , have the matrix repre-
sentation (T i
′
j′ )
i
j = δ
i
j′δ
i′
j −
1
2
δi
′
j′δ
i
j . Besides, the spinors λ¯i can be found transforming
as SU(2) covariant vectors:
λ¯′i = e
−(itj
′
k′
T k
′
j′
)jiλj (43)
11
It is thus obvious that i(λiσb∂ν λ¯i − ∂νλ
iσbλ¯i) is SU(2) invariant. As a result, the
action of Eq.(41) is both scale and SU(2) invariant.
When considering the dynamics of the Goldstinos λi alone, the auxiliary field
Gµν can be eliminated from Eq.(41) after applying its equation of motion
Gµν = Λe
a
µ e
b
ν ηab (44)
where Λ is an arbitrary constant. Then after plugging Eq.(44) into Eq.(41), it
reduces to
I ′0 = −
f 2s
2
∫
d4x det e aµ (45)
in which the coefficient fs is related to the SUSY broken scale. It is just the Akulov-
Volkov action for the case of the extended supersymmetries. Similarly, applying the
equation of motion of Gµν to the Weyl scale invariant bosonic action of Eq.(40) will
lead to the normal Nambu-Goto action
I ′B = −
f 2s
2
∫
d4ξ
√∣∣∣∣det(ηab∂xa∂ξµ ∂x
b
∂ξν
)
∣∣∣∣ (46)
As for the effective scale invariant action of the SU(2) singlet, i.e. the NG field
a, it can be constructed by using the covariant derivative of Eq.(35):
I1 = TA
∫
d4x
√
|detG|F (Gµν , e aµ )η
abDaaDba (47)
where the compensator function F (Gµν , e aµ ) has the scale dimension −2, and the
coefficient and TA is related to breaking scale of A symmetry. Hence, the complete
effective action of the fields λi and a is given by
I = I0 + I1
=
∫
d4xTA
√
|detG|F (Gµν , e aµ )η
abDaaDba−
f 2s
2
√
|detG|[
1
4
Gµν(δµν − i(λ
iσµ∂νλ¯i − ∂νλ
iσµλ¯i)
− i(λiσν∂µλ¯i − ∂µλ
iσν λ¯i)− (λ
iσb∂µλ¯i − ∂µλ
iσbλ¯i)(λ
iσb∂νλ¯i − ∂νλ
iσbλ¯i))]
2 (48)
IV. Coupling to Matter Fields
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Consider the presence of matter fields localized on the brane world volume. They
actually behave as the spectator fields, transforming covariantly under the unbroken
subgroup H . Their coupling to those NG fields can be obtained by introducing
covariant derivatives of the matter fields. Consider matter fields ΦA, in which A
represents any internal or Lorentz index. It has a N-dimensional representation of
the group SU(2), i.e.
ΦA → Φ
′
A = e
itij(T
j
i )
B
AΦB (49)
likewise, its Hermitian conjugate transforms as
ΦA → Φ′A = e−it
j
i (T
i
j )
A
BΦB (50)
And under the full unbroken subgroupH , the matter field would transform according
to
Φ→ Φ′ = ei(fD+m
µνMµν+tijT
j
i )Φ (51)
Accordingly, its covariant derivative is given by
DµΦ = (∂µ + i
1
2
ωabµ
∑
ab
+idΦωDµ + iω
i
TµjT
j
i )Φ (52)
Where
∑
ab
is the representation of the operatorsMab, and dΦ is the scale dimension
of the matter field. The connections ωabµ , ωDµ and ω
j
Tµi are given by the one-forms
ωabM = dx
µωabµ , ωD = dx
µωDµ and ω
j
T i = dx
µωjTµi respectively. They transform
inhomogeneously according to Eq.(36). Explicitly, the transformation of the spin
connection ωabµ
ωabµ = 2φ
bδ aµ +
1
2
(ς¯ iσ¯µσ
abςi − ς¯
iσ¯abςiσµ) + i(∂µλ
iσabςi − ς¯
iσ¯ab∂µλ¯i)
− i
1
2
ς¯ iσ¯µ′(λ
jσµ
′
∂µλ¯j − ∂µλ
jσµ
′
λ¯j)σ
abςi+
i
1
2
ς¯ iσ¯abςiσµ′(λ
jσµ
′
∂µλ¯j − ∂µλ
jσµ
′
λ¯j)− i2φ
b(λiσa∂µλ¯i − ∂µλ
iσaλ¯i) (53)
is found to have the synthesis form of the general coordinate transformation of
Eq.(20) and the inhomogeneous transformation under h according to Eq.(36):
ω
′cd
µ′ =
dxµ
dxµ′
(ωa
′b′
µ Λ
c
a′Λ
d
b′ − ∂µm
cd) (54)
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where the Λcd matrix is defined by the ordinary Lorentz transformation,x
a′ = Λa
′
bx
b;
and the inhomogeneous term can be derived from that of Eq.(36)as following
hdh−1 = ei(fD+m
µνMµν+tijT
j
i )de−i(fD+m
µνMµν+tijT
j
i )
= −idmabMab − idfD − idt
i
jT
j
i (55)
which has been expanded up to the leading order of infinitesimal transformation of
g in Eq.(9).
Similarly, it follows from Eq.(23) that the connections ωD = dx
µωDµ has the
form
ωDµ =− 2φµ − i(ς¯
iσ¯µςi + ς¯
iςiσµ) + 2∂µλ
iςi + 2ς¯
i∂µλ¯i
− ς¯ iςiσν(λ
jσν∂µλ¯j − ∂µλ
jσν λ¯j) + i2φ
ν(λjσν∂µλ¯j − ∂µλ
jσν λ¯j)
− ς¯ iσ¯ν(λ
jσν∂µλ¯j − ∂µλ
jσνλ¯j)ςi (56)
in which the non dynamical field φµ can be eliminated by imposing the covariant
constraint on the covariant curl Caµν [17], i.e.
Caµν = 0 = Dµe
a
ν −Dνe
a
µ
= ∂µe
a
ν + i
1
2
ωa
′b′
µ (
∑
a′b′
)abe
b
ν + iωDµe
a
ν − ∂νe
a
µ
− i
1
2
ωa
′b′
ν (
∑
a′b′
)abe
b
µ − iωDνe
a
µ (57)
Consider the scalar field φ, which has trivial representation of Mab. Therefore,
the covariant derivative becomes Dµφ = (∂µ − iωDµ + iω
i
TµjT
j
i )φ. Then the scale
invariant action of the scalar field is shown to be
IΦ =
∫
d4x det egµνDµφDνφ
=
∫
d4x det eηabe−1µa e
−1ν
b (∂µ − iωDµ + iω
i
TµjT
j
i )φ
· (∂ν + iωDν − iω
i
TνjT
j
i )φ (58)
and the scalar field has scale dimension −1 . Considering Eq.(49) and (50), it is also
obviously SU(2) invariant.
Similarly, consider the fermion fields ψ, which give a nontrivial representation
of Mab, i.e.
∑
ab
=
1
2
i(γaγb − γbγa) . Its covariant derivative is then found to be
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Dµψ = (∂µ + i
1
2
ωabµ
∑
ab
− i
3
2
ωDµ + iω
i
TµjT
j
i )ψ. Thus its scale and SU(2) invariant
action is given by
Iψ =
∫
d4x det eψ¯iγµDµψ
=
∫
d4x det eψ¯iγae−1µa (∂µ + i
1
2
ωabµ
∑
ab
− i
3
2
ωDµ + iω
i
TµjT
j
i )ψ (59)
in which the fermion field has the scale dimension −
3
2
. Therefore the total action
of the matter fields coupling to these NG fields can be described by
IM = IΦ + IΨ
=
∫
d4x det e(ηabe−1µa e
−1ν
b (∂µ − iωDµ + iω
i
TµjT
j
i )φ
· (∂ν + iωDν − iω
i
TνjT
j
i )φ
+ ψ¯iγae−1µa (∂µ + i
1
2
ωabµ
∑
ab
− i
3
2
ωDµ + iω
i
TµjT
j
i )ψ) (60)
As a result, on the brane world volume the unbroken symmetries H are realized
linearly on the localized spectator fields, whileas the broken symmetries are realized
nonlinearly through the Nambu-Goldstone(Goldstino) modes a and λi. On the other
hand, the full symmetry can also be directly realized on the field itself, such as
the standard realization [15, 19]. One can start from the linear transformation of
the matter fields under the stability group H , then promote it to describe the full
symmetry by taking the parameters of h as these induced form the left action of
G on the Coset representatives through Eq.(10). Hence the transformation of the
fields can realize the full symmetry group G, but nonlinearly.
The Weyl scale invariant brane dynamics has also been extensively studied in
[18,20-23]. The action of Eq.(48), being a low energy effective theory, describes the
long wave oscillations of the brane into the Grassmann coordinates of the super-
space along with the effective dynamics of the localized Nambu-Goldstone mode
a corresponding to the broken A symmetry. Consequently, by using the approach
of nonlinear realization, the total action of Eq.(48) gives us an effective theory
describing the spontaneously breaking of a larger symmetry group, i.e. the N=2
superconformal symmetry. In fact, the Weyl scale invariant brane action Eq.(41)
is an extension of its bosonic counterpart action Eq.(40) to include the fermionic
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sectors as a result of the full supersymmetry breaking. Therefore, the fields localized
on the brane world volume would be described by the Weyl scale symmetry theory
[13, 24-27].
Besides, the internal symmetry SU(2)× U(1)R of the extended N=2 Supercon-
formal symmetry can also be broken down to U(1)R[28]. Hence, corresponding to
generators T ji , there would be three NG scalar fields present in the effective action
along with other possible SU(2) broken terms. The existence of these NG parti-
cles would give rise to long range forces in nature, which may affect astrophysical
considerations such as contributing new mechanisms for energy loss from stars [19].
In addition, it is noteworthy that if one takes the Lorentz group as the stability
group instead, the dilatation symmetry is also spontaneously broken. Therefore, it
will result an additional NG field, the dilaton σ , whose intrinsic transformation
yields
σ′ ∼ d+ σ (61)
Therefore, the scale invariant effective action of the Goldstino fields becomes
I0 = −T
∫
d4xe−4σ det e (62)
where the dilaton is introduced as the compensator field. From Eq.(33‘), it can be
concluded that there is a constant term in dete which shifts the VEV and signals the
spontaneous breaking of the SUSY. When considering together with the compen-
sator field e−4σ, the VEV can be determined by estimating the value of < |e−4σ| >,
which becomes minimum when < |σ| > goes to ∝. Therefore, due to the unbound of
the VEV of the dilaton field it follows that σ can not be a NG particle. It thus indi-
cates the incompatibility of the nonlinear realization of the SUSY and the dilatation
symmetry when taking dilaton as the compensator field [10, 29]. It is interesting
to note that if one takes the Lorentz group as the stability group and works on the
superspace parameterized by the Coset space, it will lead to the supersymmetric
theory (superbrane) as discussed in [5, 30]. However, this is not our case in the
present context.
Besides, due to the absence of the dilaton in the effective action (41), according to
the AdS/CFT correspondence, one may expect it is feasible to embed a probe brane
in a supersymmetric AdS×S space. And following the outline of the present paper,
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the supersymmetric isometry group of the background space can be realized through
the dynamics of the brane but with no destabilized terms resulting from oscillations
in the transverse spatial directions. That would be instructive to explore more
aspects about AdS/CFT correspondence. Further work about this correspondence
is being investigated and it would be of interest to the theory of brane world scenarios
as well.
The author thanks the support of the HEP group of Physics Department at
Purdue University. The author also thanks Muneto Nitta for some useful comments.
17
Appendix
The As and Bs in Eqs.(20,21,23) are defined as following:
(i)
e−i(ςS+ς¯ S¯)aµPµe
i(ςS+ςS¯) = . . .+
1
3!
(A1kS
k +Bk1 S¯k) + . . . (A.1)
where
A1k = −i(ς¯
iσ¯µ′a
µ′σµνςi − ς¯
iσ¯µνςiσµ′a
µ′)
1
2
ςkσµν
+ 4i(−ς¯ iσ¯µa
µςj + ς¯
iςjσµa
µ)ςiδ
j
k + 2iς¯
iσ¯µa
µςiςk (A.2)
Bk1 = −i(ς¯
iσ¯µ′a
µ′σµνςi − ς¯
iσ¯µνςiσµ′a
µ′)
1
2
ς¯kσ¯µν
− 4i(−ς¯ iσ¯µa
µςj + ς¯
iςjσµa
µ)ς¯jδki + 2iς¯
iςiσµa
µς¯k (A.3)
(ii)
e−i(ςS+ς¯ S¯)qQei(ςS+ςS¯) = . . .+
1
2
(A2kS
k +Bk2 S¯k) + . . . (A.4)
where
A2k =
1
2
qiσµνςiςkσµν + 4q
iςj(ςiδ
j
k −
1
2
δji ςk) (A.5)
Bk2 =
1
2
qiσµνςiς¯
kσ¯µν − 4q
iςj ς¯
jδki (A.6)
(iii)
e−i(ςS+ς¯ S¯)q¯Q¯ei(ςS+ςS¯) = . . .+
1
2
(A3kS
k +Bk3 S¯k) + . . . (A.7)
where
A3k = −
1
2
ς¯ iσ¯µν q¯iςkσµν − 4ς¯
j q¯iςjδ
i
k (A.8)
Bk3 = −
1
2
ς¯ iσ¯µν q¯iς¯
kσ¯µν + 4ς¯
j q¯i(ς¯
iδkj −
1
2
δij ς¯
k) (A.9)
(iv)
e−i(λQ+λ¯Q¯)sSei(λQ+λ¯Q¯) = . . .+
1
2
(Ak4Qk +B4kQ¯
k) + . . . (A.10)
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where
Ak4 = −λ
iσµνsi
1
2
λkσµν + 4λ
isj(λ
jδki −
1
2
δjiλ
k) (A.11)
B4k = −λ
iσµνsi
1
2
λ¯kσ¯µν − 4λ
isjλ¯iδ
j
k (A.12)
(v)
e−i(λQ+λ¯Q¯)s¯S¯ei(λQ+λ¯Q¯) = . . .+
1
2
(Ak5Qk +B5kQ¯
k) + . . . (A.13)
where
Ak5 = s¯
iσ¯µνλ¯i
1
2
λkσµν − 4s¯
iλ¯jλ
jδki (A.14)
B5k = s¯
iσ¯µνλ¯i
1
2
λ¯kσ¯µν + 4s¯
iλ¯j(λ¯iδ
j
k −
1
2
δji λ¯k) (A.15)
(vi)
e−i(λQ+λ¯Q¯)bµKµe
i(λQ+λ¯Q¯) = . . .+
1
3!
(Ak6Qk +B6kQ¯
k) + . . . (A.16)
where
Ak6 = −i[
1
2
(−λiσµνbα
′
λ¯iσ¯α′ + b
µ′λiσµ′ σ¯
µν λ¯i)λ
kσµν − 2b
µλiλ¯iσ¯µλ
k+
4bµ(λiλ¯j σ¯µ − λ
iσµλ¯j)λ
jδki ] (A.17)
B6k = −i[
1
2
(−λiσµνbα
′
λ¯iσ¯α′ + b
µ′λiσµ′ σ¯
µν λ¯i)λ¯kσ¯µν − 2b
µλiσµλ¯iλ¯k−
4bµ(λiλ¯j σ¯µ − λ
iσµλ¯j)λ¯iδ
j
k (A.18)
(vii) In Eq.(23), Xµ is defined as following
Xµ =2[−dλiσµ
′µςi + ς¯
iσ¯µ
′µdλ¯i +
1
2
(ς¯ iσ¯νa
νσµ
′µςi − ς¯
iσ¯µ
′µςiσνa
ν)]φµ′
− (2idλiςi + 2iς¯
idλi − iς
iσ¯µ′a
µ′ςi − iς¯
iςiσµ′a
µ′)φµ +
1
3!
2i(Bk2 σ¯
µςk − ς¯
kσ¯µA2k)+
+
1
3!
2i(Bk3 σ¯
µςk − ς¯
kσ¯µA3k) +
1
4!
2i(Bk1 σ¯
µςk − ς¯
kσ¯µA1k)− φ
µ′φµ′a
µ (A.19)
where aµ = λσµdλ¯− dλσµλ¯.
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